Objective-The purpose of this study was to evaluate the impact of torcetrapib on atherogenic TG-rich lipoprotein subfractions in the postprandial phase in Type IIB hyperlipidemia. Methods and Results-The quantitative and qualitative features of the postprandial profile of TG-rich lipoproteins were determined at baseline, after treatment for 6 weeks with 10 mg/d atorvastatin, and subsequently with an atorvastatin/ torcetrapib combination (10/60 mg/d) in Type IIB patients (nϭ18). After ingestion of a standardized mixed meal, TG-rich lipoprotein subfractions were evaluated over 8 hours after each experimental period. On a background of atorvastatin, torcetrapib significantly attenuated the incremental postprandial area under the curve (iAUC 0 to 8 hours) for VLDL-1 (Ϫ40%), and the AUC 0 to 8 hours for VLDL-2 (-53%), with minor effect on chylomicron iAUC (Ϫ24%); concomitantly, the CE/TG ratio in both VLDL-1 and VLDL-2 was significantly reduced (Ϫ27% to Ϫ42%). Such reduction was attributable to torcetrapib-mediated attenuation of postprandial CE transfer to Chylomicrons (Ϫ17%) and VLDL-1 (Ϫ33%). Marked reduction in postprandial VLDL-1 levels was associated with apoE enrichment. Key Words: CETP Ⅲ Torcetrapib Ⅲ high-density lipoprotein Ⅲ postprandial hypertriglyceridemia P ostprandial hypertriglyceridemia represents an independent risk factor for premature coronary artery disease (CAD). Indeed, it is now established that remnants of triglyceride-rich lipoproteins, principally chylomicrons and VLDL, may penetrate the arterial intima, with retention by the extracellular matrix and ensuing cholesterol accumulation. 1 Postprandial lipoprotein metabolism is characterized by transient accumulation of intestinally-derived Chylomicrons (CM) and hepatically-derived very low density lipoproteins (VLDL) and their remnants. Hydrolysis of the triglyceride core of CM and VLDL by lipoprotein lipase facilitates the delivery of free fatty acids to muscle and adipose tissue, with formation of CM-and VLDL-remnants which are efficiently removed from the circulation by receptor-mediated pathways in the liver. 2 During lipolysis of postprandial triglyceride-rich lipoproteins, an excess of surface components containing apolipoproteins, unesterified cholesterol, and phospholipids is generated and sequesters to HDL potentially via the action of hepatic lipase and PLTP, thereby increasing the total circulating HDL pool and enhancing the transformation of small HDL3 to large CE-rich HDL2 particles. 3 Equally, CETP mediates heterotransfer of cholesteryl esters and triglycerides between HDL on the one hand, and apoBcontaining lipoproteins on the other; such transfer is accelerated under postprandial conditions with CE enrichment of triglyceride-rich lipoprotein particles, and transient transformation of CE-enriched HDL into TG-enriched particles which become a substrate for hepatic lipase. 4 -6 In this way, HDL particle size is modulated. 6 Dyslipidemic states associated with premature atherosclerotic disease and high cardiovascular risk are associated with elevated plasma CETP activity, which contributes significantly to elevation in the cholesterol burden of atherogenic apoB containing lipoproteins. 7 Type IIB hyperlipidemia is characterized by elevated plasma levels of triglyceride-rich lipoproteins, LDL-cholesterol, and apoB, a small dense LDL phenotype, thereby leading to increased risk of CAD. 8, 9 In this atherogenic dyslipidemia, enhanced CETP-mediated CE transfer occurs during the postprandial phase as compared with normolipidemic subjects. 10 Such accelerated CE transfer Original
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ostprandial hypertriglyceridemia represents an independent risk factor for premature coronary artery disease (CAD). Indeed, it is now established that remnants of triglyceride-rich lipoproteins, principally chylomicrons and VLDL, may penetrate the arterial intima, with retention by the extracellular matrix and ensuing cholesterol accumulation. 1 Postprandial lipoprotein metabolism is characterized by transient accumulation of intestinally-derived Chylomicrons (CM) and hepatically-derived very low density lipoproteins (VLDL) and their remnants. Hydrolysis of the triglyceride core of CM and VLDL by lipoprotein lipase facilitates the delivery of free fatty acids to muscle and adipose tissue, with formation of CM-and VLDL-remnants which are efficiently removed from the circulation by receptor-mediated pathways in the liver. 2 During lipolysis of postprandial triglyceride-rich lipoproteins, an excess of surface components containing apolipoproteins, unesterified cholesterol, and phospholipids is generated and sequesters to HDL potentially via the action of hepatic lipase and PLTP, thereby increasing the total circulating HDL pool and enhancing the transformation of small HDL3 to large CE-rich HDL2 particles. 3 Equally, CETP mediates heterotransfer of cholesteryl esters and triglycerides between HDL on the one hand, and apoBcontaining lipoproteins on the other; such transfer is accelerated under postprandial conditions with CE enrichment of triglyceride-rich lipoprotein particles, and transient transformation of CE-enriched HDL into TG-enriched particles which become a substrate for hepatic lipase. 4 -6 In this way, HDL particle size is modulated. 6 Dyslipidemic states associated with premature atherosclerotic disease and high cardiovascular risk are associated with elevated plasma CETP activity, which contributes significantly to elevation in the cholesterol burden of atherogenic apoB containing lipoproteins. 7 Type IIB hyperlipidemia is characterized by elevated plasma levels of triglyceride-rich lipoproteins, LDL-cholesterol, and apoB, a small dense LDL phenotype, thereby leading to increased risk of CAD. 8, 9 In this atherogenic dyslipidemia, enhanced CETP-mediated CE transfer occurs during the postprandial phase as compared with normolipidemic subjects. 10 Such accelerated CE transfer results from elevation in acceptor particle numbers of both postprandial plasma chylomicrons and large VLDL-1, but also from postprandial targeting of VLDL-1 as the preferential TRL acceptor for CETP-mediated CE transfer from HDL. Thus the formation, accumulation and CE-enrichment of atherogenic remnant particles are markedly enhanced during the postprandial phase in type IIB hyperlipidemia. 10 The 3-hydroxy-3-methylglutaryl (HMG) coenzyme A (CoA) (HMG-CoA) reductase inhibitor, atorvastatin, normalizes the abnormal intravascular remodeling of postprandial triglyceride-rich lipoprotein particles not only via marked reduction in the postprandial formation and accumulation of both chylomicrons and large VLDL-1, but also via a significant reduction in CETP-dependent CE transfer from HDL to these potentially atherogenic lipoprotein acceptors. 11 Inhibition of CETP in the hyperlipidemic rabbit, which results in attenuated atherosclerosis, clearly indicates a proatherogenic role for CETP-mediated cholesteryl ester transfer in this model. [12] [13] [14] These studies suggest therefore that CETP inhibition might constitute a potential therapeutic approach to delay atherogenesis in humans.
Torcetrapib is a potent and selective inhibitor of CETP. 15 In clinical trials, Torcetrapib has been shown to decrease plasma LDL-C and to increase plasma HDL-C levels in a dose-dependent manner in healthy subjects. 16 Furthermore, the action of Torcetrapib favors enhanced formation of large HDL particles with reduction in those of small dense LDL in low HDL-C lipid phenotypes. 17 When Torcetrapib was coadministered with atorvastatin, which alone reduces LDL-C cholesterol levels by up to 60% at maximal doses, an additional LDL-C lowering effect was observed. 17 Moreover, on a background of atorvastatin, torcetrapib reduced VLDL particle levels by increasing their clearance and reduced IDL and LDL particle levels primarily by reducing their production. 18 We therefore postulated that combination therapy with Torcetrapib/atorvastatin might be highly efficacious in attenuating the atherogenicity of the postprandial hyperlipemic phase. The current study was designed to examine the impact of a fixed combination of Torcetrapib/atorvastatin 60/10 mg/d on postprandial lipoprotein metabolism in subjects with Type IIB hyperlipidemia as compared with atorvastatin alone. In late 2006, the development program for Torcetrapib was suspended because the independent Data and Safety Monitoring Board for a large clinical trial (ILLUMINATE: the Investigation of Lipid Level Management to Understand its Impact in Atherosclerotic Events), involving therapeutic evaluation of Torcetrapib, recommended that the study be terminated because of a statistically significant imbalance in mortality among patients receiving torcetrapib/atorvastatin versus those receiving atorvastatin alone. 19 The identification of the potentially beneficial therapeutic effects of Torcetrapib action on lipoprotein metabolism and on the vasculature, and their eventual distinction from deleterious direct or indirect effects on the cardiovascular system that may underlie the excess mortality in the Illuminate trial, are therefore especially relevant to future development of HDL-raising agents whose mechanisms of action target CETP. The present studies provide new insight into this question, and demonstrate that torcetrapib-mediated inhibition of CETP significantly attenuates the atherogenic profile of triglyceride-rich lipoproteins during the postprandial phase in Type IIB hyperlipidemia.
Methods

Study Design
Eighteen males aged between 36 and 59 years (mean: 46Ϯ7 years) and displaying a combined hyperlipidemia typical of the Type IIB lipid phenotype, ie, concomitant elevation of circulating levels of cholesterol and triglycerides, were selected for the study (please see the supplemental materials, available online at http:// atvb.ahajournals.org, for more details). After screening for exclusion criteria, patients entered a 3-period fixed sequence study. In the first period, patients ceased taking lipid-lowering drugs and stabilized their diet (AHA Step one diet or equivalent) over a 6-week period immediately before active treatment. Measurements taken at the end of this period served as the baseline. After drug wash-out/diet run-in, a 6-week period of active treatment with atorvastatin only (10 mg/d) was initiated, followed directly by a 6-week period of active therapy with torcetrapib/atorvastatin (60/10 mg/d). All doses were administrated orally, once daily immediately after the morning meal.
The study was performed in accordance with the ethical principles set forth in the Declaration of Helsinki. The study protocol and amendment were reviewed and approved by an Ethics Committee and met national institutional requirements. Written informed consent was obtained from all patients.
Details of blood samples, postprandial time course, lipoprotein fractionation and characterization, determination of endogenous plasma CETP activity, and statistical analysis are available in the supplemental materials.
Results
Effects of Torcetrapib on Fasting Plasma Lipid and Apolipoprotein Levels
Under fasting conditions, torcetrapib/atorvastatin therapy induced a marked and significant increase (ϩ61%; PϽ0.0001) in HDL-cholesterol levels as compared with baseline and as compared with atorvastatin therapy alone (ϩ51%; PϽ0.0001; Table 1 ). Plasma levels of both apolipoprotein AI and AII were significantly increased by 30% (PϽ0.0001) and 21% (Pϭ0.0001), respectively, after T/A treatment as compared with baseline, whereas only minor change was detected with atorvastatin alone. Torcetrapib/atorvastatin therapy equally decreased both LDL-cholesterol (Ϫ19%; PϽ0.0001) and apoB levels (Ϫ17%; PϽ0.0001), relative to treatment with atorvastatin alone. Relative to baseline, the TC/HDL-C ratio was significantly reduced in type IIB subjects treated with atorvastatin alone (Ϫ32%; PϽ0.0001), and in those receiving T/A therapy (Ϫ55%; PϽ0.0001). The TC/HDL-C ratio was reduced to values less than 5 (range 1.8 to 4.1) after T/A therapy in all 18 patients.
Effects of Torcetrapib on Postprandial Triglyceride Levels
Plasma triglyceride levels rose progressively to attain a maximum 4 hour postprandially in type IIB subjects both before and after atorvastatin treatment alone, and equally after combined T/A treatment ( Figure 1 ). T/A therapy induced a significant reduction in plasma triglyceride levels 4 hours postprandially (220Ϯ22 mg/dL after T/A therapy; Ϫ32%; Pϭ0.0005) as compared with baseline (323Ϯ27 mg/dL) or after atorvastatin therapy alone (266Ϯ28 mg/dL; Ϫ18%; Pϭ0.038). More strikingly, the postprandial iAUC for plasma triglyceride from 0 to 8 hours was significantly reduced from 690Ϯ81 at baseline to 628Ϯ95 after atorvastatin only (Ϫ9%) and further reduced to 439Ϯ74 after T/A treatment (Ϫ36%; Pϭ0.0005).
Effects of Torcetrapib on Postprandial Triglyceride-Rich Lipoprotein Subfractions
T/A therapy induced marked and differential effects on postprandial plasma triglyceride-rich lipoprotein subfraction levels ( Table 2) . T/A induced a significant reduction (Ϫ43%; Pϭ0.0004) in the absolute variation in plasma chylomicron levels 4 hours postprandially (80Ϯ17 mg/dL after T/A therapy) as compared with baseline (141Ϯ21 mg/dL; Figure   2 and supplemental Figure I ). Moreover, after T/A therapy, the iAUC for plasma chylomicron levels from 0 to 8 hours was significantly reduced (Ϫ37%; Pϭ0.002) as compared with baseline.
Combined T/A therapy significantly decreased the absolute change in plasma VLDL-1 levels 4 hours postprandially (29Ϯ4 mg/dL; Ϫ44%; PϽ0.006) relative to that at baseline (51Ϯ7 mg/dL), and that after atorvastatin alone (52Ϯ7 mg/dL; Figure 3 ). After T/A therapy, the iAUC (0 to 8 hours) for plasma VLDL-1 was significantly reduced (Ϫ38%; PϽ0.03) as compared with baseline. Interestingly, postprandial VLDL-1-apoE levels were significantly increased by 2-to 3-fold, 2 hours and 4 hours after meal intake, respectively, after T/A therapy relative to nontreated type IIB patients, indicating that VLDL-1 particles became apoE-enriched during the postprandial phase under conditions of CETP inhibition (supplemental Figure II) . In parallel, we observed a slight but nonsignificant reduction in HDL-apoE levels throughout the postprandial phase (supplemental Table I ).
Over the postprandial time course, significant reductions occurred in plasma VLDL-2 levels both before and after atorvastatin treatment alone, and equally after combined T/A treatment. An approximately 2-fold reduction in the absolute change in plasma VLDL-2 levels was seen 4 hours postprandially in subjects receiving T/A therapy (Ϫ8Ϯ2 mg/dL; PϽ0.05) as compared with the phase involving atorvastatin alone (Ϫ14Ϯ2 mg/dL) or to baseline (Ϫ17Ϯ2 mg/dL). Equally, the AUC for VLDL-2 levels was significantly reduced after atorvastatin treatment alone (Ϫ29%; PϽ0.001), with an additional decrement of 24% (PϽ0.001) on T/A treatment ( Table 2) .
Analysis of triglyceride-rich lipoprotein subfractions revealed a major effect of T/A therapy on the neutral lipid core content of VLDL-1 and VLDL-2 (supplemental Table II ). Indeed, under CETP inhibition, the relative proportion of triglyceride increased significantly, whereas a marked reduction in cholesteryl ester content occurred concomitantly in both VLDL-1 and VLDL-2 subfractions, thereby resulting in a significant reduction in the CE/TG ratio in these particles as compared with baseline (Ϫ50% and Ϫ60% in VLDL-1 and VLDL-2, respectively; PϽ0.0001) and as compared with atorvastatin therapy alone (Ϫ27% and Ϫ42% in VLDL-1 and VLDL-2, respectively; PϽ0.0001). By contrast, T/A therapy induced no significant alteration in the chemical composition of both Chylomicrons and IDL as compared with baseline or to atorvastatin therapy alone.
Effects of Torcetrapib on Postprandial LDL and HDL Subfraction Profile
T/A therapy induced marked and differential effects on the postprandial profile of both LDL and HDL subfractions (supplemental Table III ). Compared with baseline and to atorvastatin treatment alone, the postprandial AUC for total HDL levels was significantly increased by T/A (ϩ29%; PϽ0.001) as a result of a marked increment (ϩ60%; PϽ0.001) in the AUC for large CE-rich HDL2 levels. In addition, T/A therapy induced a marked reduction in plasma HDL3 levels 4 hours (Ϫ22Ϯ4 mg/dL, PϽ0.03) and 8 hours (Ϫ24Ϯ4 mg/dL, PϽ0.02) postprandially as compared with baseline (Ϫ12Ϯ4 mg/dL and Ϫ9Ϯ4 mg/dL at 4 hours and 8 hours, respectively), and as compared with atorvastatin treatment alone (Ϫ11Ϯ3 mg/dL and Ϫ10Ϯ3 mg/dL at 4 hours and 8 hours, respectively).
T/A therapy equally induced significant modification in LDL particle profile. Indeed, the AUC for total plasma LDL levels was reduced (Ϫ10%; Pϭ0.003) among patients receiving T/A therapy as compared with those receiving atorvastatin alone (supplemental Table III ). Moreover, the decrement observed in plasma LDL levels after T/A therapy resulted primarily from a significant and specific additional reduction in plasma dense LDL concentrations (Ϫ16%; PϽ0.001).
Effects of Torcetrapib on Postprandial Endogenous CETP activity
In the fasting state, dyslipidemic subjects receiving atorvastatin alone displayed attenuated plasma CETP activity (Ϫ17%; Pϭ0.001); this decrement was considerably greater (ϩ61%; PϽ0.001) in patients who received combined T/A therapy (41Ϯ3% before treatment, 34Ϯ3% after atorvastatin alone and 16Ϯ1% after T/A therapy) (Figure 4) . Plasma CETP activity was significantly increased 4 hours postprandially in Type IIB patients before treatment (ϩ17% at baseline; PϽ0.0001) and after each drug phase (ϩ20% after atorvastatin alone and ϩ55% after T/A therapy) as compared with CE transfer activities before meal intake. Interestingly, the marked increment in CETP activity after T/A therapy was associated with marked elevation in postprandial CE mass transferred from HDL to Chylomicrons (ϩ124%; PϽ0.001) and VLDL-1 (ϩ35%; PϽ0.01), whereas the rate of CE transfer from HDL to VLDL-2 and IDL remained essentially unchanged over the postprandial phase (supplemental Figure III) . In addition, the evolution of the CE/TG ratio in both chylomicron and VLDL-1 subfractions over the postprandial phase (2 to 8 hours) revealed progressive enrichment of the hydrophobic core of these particles in CE at the expense of triglyceride before treatment and after each drug phase (supplemental Table II , and supplemental Figures I and II) . These findings are entirely consistent with an enhanced CETP-mediated CE transfer from HDL to triglyceride-rich lipoproteins, notably to chylomicrons and VLDL-1, during postprandial lipemia in type IIB patients. However, the postprandial CE transfer from HDL to both Chylomicrons and VLDL-1 were significantly reduced after T/A therapy as compared with atorvastatin therapy alone.
Discussion
For the first time, we presently demonstrate that CETP inhibition mediated by torcetrapib on a background of statin treatment constitutes a highly efficacious pharmacological approach to attenuate the proatherogenic quantitative and qualitative features of postprandial intravascular lipoprotein metabolism in hyperlipidemic patients at elevated risk of premature CAD. Robust changes attributable to the primary pharmacological action of T/A relative to that of atorvastatin alone included marked and significant reduction in the increment in postprandial triglyceride levels (Ϫ30%) with a concomitant increase in the AUC for HDL2 (ϩ58%). Major reductions in circulating levels of postprandial chylomicrons and of large VLDL-1 particles after combined T/A therapy, as well as significant reductions in the CE/TG ratio in these particles relative to those under statin treatment alone, are consistent with marked CETP inhibition and reduced CE mass transfer from HDL to triglyceride-rich lipoproteins during alimentary lipemia. Equally, CETP inhibition was associated with enrichment of postprandial VLDL-1 particles in apoE and depletion in CE, potentially facilitating their lipolysis with rapid receptor-mediated clearance from the circulation. These findings are entirely consistent with a recent study showing that triglyceride response is reduced after an oral fat load in CETP-deficient subjects. 20 With respect to the postprandial decrease in VLDL-2, which contrasted with the increase in VLDL-1 levels, it is relevant that subjects with elevated plasma triglyceride levels produce an excess of VLDL-1 apoB, whereas those with raised plasma cholesterol levels overproduce VLDL-2 apoB. 21 In plasma, large VLDL particles (VLDL-1 Sf 60 to 400) are eliminated as such or catabolized to smaller VLDL (VLDL-2 Sf 20 to 60) remnants through lipolysis of triglycerides by lipoprotein lipase. Concomitant postprandial elevation of plasma levels of large VLDL-1 and reduction of those of small VLDL-2 mainly result therefore from delayed lipolysis of VLDL1 particles due to competition between chylomicrons and VLDL1 for the same lipolytic pathway. 22 Torcetrapib has been shown to block the major lipid transfer functions of plasma CETP including cholesteryl ester, triglyceride, and phospholipid transfer. 15 In addition, Torcetrapib is without effect on either plasma LCAT or PLTP activities, or on hepatic or lipoprotein lipases. 15 In this context, it is of special relevance that significant increase in plasma HDL2 levels and reduction in those of HDL3 occurred throughout the postprandial phase in type IIB patients; this effect was most marked with T/A therapy. Indeed, after Torcetrapib therapy, the decrement in plasma HDL3 concentrations was enhanced, thereby suggesting that remodeling of HDL3 to HDL2 is amplified during postprandial lipemia under conditions of CETP inhibition. 6 It is well established that variation in plasma levels of HDL subspecies during postprandial lipemia is associated with enhanced transfer of polar surface components from triglyceride-rich lipoproteins to the HDL pool. Moreover, it has been previously shown that individuals with elevated plasma concentrations of HDL2 particles catabolize chylomicrons at a faster rate than individuals with lower levels. 23 In agreement with earlier studies, [23] [24] we presently observed a significant inverse relationship between the degree of postprandial hypertriglyceridemia and plasma concentrations of HDL2 particles (PϽ0.02). We therefore conclude that elevation in plasma HDL2 levels mediated by CETP inhibition represents a major feature of the action of torcetrapib on intravascular lipoprotein metabolism during postprandial phase in type IIB patients. Clearly then CETP inhibition potentiates enhanced remodeling of small, CE-poor HDL3-like particles to large, CE-rich HDL2.
In human plasma, apoE is mostly associated with apoB or apoAI-containing lipoproteins depending on metabolic state. 25 However, several studies have demonstrated the existence of a minor lipoprotein subfraction of HDL size with apoE as the major protein component. 26 -27 Such an HDLapoE particle subpopulation has been shown to be active in the transfer of apoE to triglyceride-rich lipoprotein particles during postprandial lipemia. [27] [28] Furthermore, several studies have reported increased levels of apoE-rich HDL particles in CETP-deficient patients. 20, 28, 29 Therefore it is probable that apoE enrichment of VLDL-1 particles during CETP inhibitor therapy results from enhanced formation of large HDL-apoE particles which act as a pool for transfer of apoE to VLDL-1 during the postprandial period. Because large HDL-apoE particles represent a minor lipoprotein subspecies within the circulating apoAI-containing HDL particle pool, however no significant change in HDL-apoE levels after T/A therapy was observed in comparison with atorvastatin alone. Interestingly, it has been recently shown that high doses of Torcetrapib (120 mg/d) induce elevation in both LCAT and apoE content in HDL2 in patients with moderate hypercholesterolemia, whereas lower doses (60 mg/d) were without effect on the protein content of HDL2 particles. 30 Over the postprandial course, torcetrapib-dependent inhibition of endogenous plasma CETP activity decreased progressively. As previously described by Clark et al, 16 it is probable that such attenuated inhibition was in part attributable to progressive fall in plasma drug concentration over the postprandial period. In addition, endogenous plasma CETP activity is stimulated during postprandial lipemia 4 -6 as a direct consequence of increase in particle acceptor numbers and mass of triglyceride-rich lipoproteins. 10 Clearly then, increment in plasma triglyceride concentration during the postprandial period may lead directly to attenuation of CETP inhibition. Consistent with this conclusion, increasing concentrations of triglyceride-rich lipoproteins resulted in partial restoration of CETP activity in vitro. 15 In a previous study, we observed that atorvastatin (10 mg/d; 6 weeks) displayed a minor effect on plasma CETP levels in combined hyperlipidemic subjects as estimated by an indirect exogenous assay in which plasma CETP concentration represents the limiting factor for CETP activity. 11 The presently observed reduction (Ϫ17%) in plasma endogenous CETP activity after atorvastatin therapy appears thus to result mainly from a significant reduction in plasma CE acceptor particle number. In addition, it has been demonstrated that in the presence of Torcetrapib, plasma CETP shifts from a lipoprotein-free fraction (d Ͼ1.21 g/mL) to the HDL fraction (dϭ1.063 to 1.21 g/mL) thereby leading to the formation of a nonactive complex between HDL and CETP with increase in plasma CETP mass levels. 15, 16 Enhanced CETP-mediated cholesteryl ester transfer occurs in Type IIB dyslipidemia during the postprandial phase as compared with that in normolipidemic subjects, thereby enhancing formation and accumulation of atherogenic CErich remnant particles. 10 During postprandial lipemia, plasmas from Type IIB and normolipidemic subjects exhibit similar capacities to efflux free cholesterol from cells and equally display similar rates of LCAT-mediated cholesterol esterification. However, CETP-mediated net cholesteryl ester transfer flux from HDL to potentially atherogenic triglyceride-rich lipoproteins is significantly enhanced in Type IIB plasmas; such enhanced CE transfer occurs concomitantly with elevated concentrations of these particles in Type IIB subjects. Thus, the reduction of CETP-mediated CE transfer from HDL to triglyceride-rich lipoprotein particles induced by torcetrapib, acts to normalize the intravascular remodeling of postprandial lipoprotein particles and allows the normalization of the quantitative and qualitative anomalies of postprandial lipid metabolism in type IIB hyperlipidemia. Given available direct evidence for penetration and retention of triglyceride-rich lipoproteins within the arterial intima, we speculate that the torcetrapib-mediated changes and notably reduction in the postprandial cholesterol burden in triglyceride-rich lipoproteins attenuate the potential atherogenicity of the postprandial phase in type IIB patients. It is equally noteworthy that such patients typically exhibit endothelial dysfunction, hence enhancing such arterial triglyceride-rich lipoprotein deposition.
Our present studies of the impact of Torcetrapib action on postprandial metabolism of apo-B-containing lipoprotein particles, and potentially on atherogenesis at the arterial wall, did not encompass functional evaluation of the biological activities of HDL particles formed under conditions of CETP inhibition, nor of cholesteryl ester flux from HDL to the liver in the reverse cholesterol transport pathway. It is however relevant in this context that Tall and colleagues 30 have demonstrated that torcetrapib-mediated inhibition of CETP modestly increases cholesterol efflux from macrophages to HDL isolated from Torcetrapib-treated patients. Moreover, in the rabbit, a species deficient in hepatic lipase, in vivo transport of cholesteryl esters from HDL to the liver was not perturbed by Torcetrapib-mediated inhibition of CETP. Nonetheless, we cannot exclude the possibility that attenuated CETP-mediated transfer of cholesteryl esters from HDL to apoB-containing lipoprotein acceptors, with ensuing accumulation of large cholesteryl ester-rich HDL particles may have attenuated flux of cholesteryl esters to the liver. Whether such a potential effect may have contributed to the failure of Torcetrapib to reduce atherosclerosis progression per se in recent clinical trials remains indeterminate. 31, 32 Further metabolic studies of these questions are critically required.
In conclusion, we demonstrate for the first time that Torcetrapib, a potent CETP inhibitor, in association with atorvastatin, not only significantly reduces the postprandial formation and accumulation of atherogenic triglyceride-rich subspecies including chylomicrons and VLDL-1 in male subjects displaying type IIB hyperlipidemia, but equally attenuates their atherogenicity by reducing core CE content. In this way, pharmacological inhibition of CETP by Torcetrapib, in association with atorvastatin-mediated upregulation of cellular LDL receptors, acts in concert to reduce cardiovascular risk in this mixed dyslipidemic phenotype typical of common metabolic diseases such as Type 2 diabetes and metabolic syndrome.
